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Description 

The present invention relates to an improved proc- 
ess for producing 2,2-bis(4-hydroxypheny1)propane 
(hereinafter referred to as "bisphenoi A"). More particu- s 
larly, it relates to a process for producing bisphenoi A in 
high yield by efficiently recovering bisphenoi A through 
crystallization from the mother liquor of the reaction 
mixture obtained in the condensation reaction of phenol 
and acetone. 

It is well known that bisphenoi A is an important 
compound as a starting raw material for epoxy resins or 
engineering plastics such as polycarbonate resins and 
polyarylate resins, and accordingly, the demand thereof 
tends to expand year by year. 

Bisphenoi A is produced by the condensation reac- 
tion of excess phenol with acetone in the presence of an 
acidic catalyst and, as the case may be, a sulfur com- 
pound as cocatalyst. The reaction product thus formed 
contains, in addition to the objective bisphenoi A, 
excess unreacted phenol, a small amount of unreacted 
acetone, the catalyst, water formed by the reaction and 
other reaction by-products. 

As the above-mentioned reaction by-products, 
mention may be made of 2-(2-hydroxyphenyl)-2-(4- 
hydroxyphenyl)propane (hereinafter abbreviated to 
w o,p'-isomer") as the main component, dimer of isopro- 
penylphenol, trisphenol, polyphenol and undesirable 
colored substances. Bisphenoi A, particularly when 
used as the starting raw material for polycarbonate res- 
ins, polyarylate resins or the like, is required to be highly 
pure and of high-quality without coloration. 

A variety of investigations have heretofore been 
made on the process for producing high-quality bisphe- 
noi A. 

EP- A-0 486 1 09 relates to a process for the produc- 
tion of a bisphenoi with improved product purity and 
yield. The process comprises the steps of reacting a 
carbonyl compound with a stoichiometric excess of a 
phenolic compound, passing the reaction product mix- 
ture to a crystallization zone to produce a crystalline 
bisphenoi and a mother liquor, contacting in an isomer- 
ization zone, the mother liquor with an acidic ion- 
exchange resin as isomerization catalyst, contacting the 
isomerization reaction product mixture with a guard bed 
and recovering the bisphenoi from the thus treated 
isomerization reaction product mixture. 

EP-A-0 210 366 relates to a process for making 
bisphend A by feeding phenol and acetone into a con- 
densation reactor. The reaction mixture is separated in 
a crystallizer to provide the recovery of bisphenoi A and 
the recycling back to the condensation reactor of a mix- 
ture of phenol and bisphenoi A isomers through the 
rearrangement reactor. The process comprises the 
improvement of diverting part of the acetone initial fed to 
the condensation reactor to the rearrangement reactor, 
whereby an improvement in overall acetone conversion 
is achieved while the product distribution of the conden- 



sation reactor effluent is substantially maintained. 

EP-A-0 332 203 provides a method for preparing 
high-purity bisphenoi A comprising a principal process 
and a sub-process by recovering in a high yield bisphe- 
noi A from the mother liquor from which the adduct of 
bisphenoi A with phenol has been separated, simulta- 
neously removing coloring substances and other impu- 
rities to reduce the amount thereof, as low as possible, 
which may be recycled to the principal reaction process 
thereby increasing the yield and purity of crystals of the 
adduct product in the principal process. 

One of the known processes is a process which 
comprises the steps of subjecting excess phenol with 
acetone to condensation reaction in the presence of a 
catalyst to form a reaction mixture, removing the cata- 
lyst, water and part of unreacted phenol from the reac- 
tion product cooling the residual liquid to crystallize 
bisphenoi A as the adduct with phenol, separating the 
crystals from the solution containing the reaction by- 
products, and removing phenol from the aforesaid 
adduct to recover the objective bisphenoi A. Various 
methods were proposed for separating phenol from the 
adduct of bisphenoi A with phenol, such as decomposi- 
tion, destination, extraction and steam stripping. 

In order to enhance the yield of bisphenoi A as the 
objective product in the above-mentioned process, it is 
taken into consideration to recycle the mother liquor 
from which the adduct of the bisphenoi A with phenol 
has been removed through the crystallization system. 
However, if the aforesaid mother liquor is recycled as it 
is through the crystallization system, impurities in the 
mother liquor are accumulated therein, inevitably requir- 
ing a part of the mother liquor to be withdrawn outside 
the reaction system. The aforestated procedure leads to 
the loss of objective bisphenoi A because a considera- 
ble amount of the mother liquor has to be taken out of 
the reaction system in view of the high concentration of 
the o.p'-isomer in the liquor. 

In addition, in the case of recycling the mother liq- 
uor through the reaction system, although the isomeri- 
zation from o.p'-isomer to p.p'-isomer, that is, the 
objective bisphenoi A takes place, there are brought 
about unfavorable circumstances such as accelerated 
deterioration of the catalyst and increase in the amounts 
of the colored substances. 

The primary object of the present invention is to 
provide a process for producing bisphenoi A as the 
objective product in high yield by efficiently recovering 
bisphenoi A through crystallization from the mother liq- 
uor of the reaction mixture obtained in the condensation 
reaction of phenol and acetone. 

This object could surprisingly be attained by bring- 
ing the above-mentioned mother liquor into contact with 
an acid catalyst to proceed with the isomerizing treat- 
ment, and thereafter recycling the mother liquor thus 
treated through the crystallization system. 

Specifically, the present invention provides a proc- 
ess for producing bisphenoi A comprising the steps of 
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subjecting phenol and acetone to a condensation reac- 
tion in the presence of an acid catalyst to form a reac- 
tion mixture, crystallizing an adduct of bisphenol A and 
phenol from the reaction mixture, separating the crystal- 
lized adduct from the reaction mixture and separating 5 
the phenol from the adduct which process comprises 
further the steps of bringing the reaction mixture in the 
form of a liquid from which the adduct has been 
removed into contact with an acid catalyst to effect 
isomerisation and recycling the mixture through the w 
crystallization system. 

Fig. 1 is a btockf low diagram showing one example 
of a production process for bisphenol A to carry out the 
present invention wherein the symbols 1,3,5,7 and 11 
denote the following: 75 

1 : Reactor, 3 : Concentration step, 5 : Crystalli- 
zation step 7 : Solid-liquid separation step, 1 1 : Isomer- 
ization step 

In the process according to the present invention, 
first of all excess phenol and acetone are subjected to a 20 
condensation reaction to form bisphenol A in the pres- 
ence of an acid catalyst, which is selected for the above 
purpose from an acid such as hydrochloric acid and sul- 
furic acid and a cation-exchange resin. There is gener- 
ally used as the cation-exchange resin, the one having 25 
a styrene/divinylbenzene copolymer in the skeleton. In 
addition, for the purpose of, as desired, enhancing the 
selectivity or the rate of reaction, there is usable as a 
cocatalyst, a mercaptan such as ethyl mercaptan, 
methyl mercaptan and n-octyl mercaptan. 30 

Moreover, a phenol/acetone molar ratio is selected 
in the range of usually 3 to 30, preferably 5 to 20. A 
molar ratio thereof exceeding 30 results in the tendency 
to lower the rate of reaction, whereas that less than 3 
leads to the tendency to lower the selectivity to the 35 
objective bisphenol A (p.p'-isomer). On the other hand, 
in the case of employing a cation-exchange resin as the 
catalyst the reaction temperature is selected in the 
range of usually 45 to 1 10°C. A reaction temperature in 
that case lower than 45°C results in lowered rate of 40 
reaction and, as the case may be, a fear of solidification 
of the reactants, whereas that higher than 1 1 0°C brings 
about lowered selectivity to the objective bisphenol A 
(p,p'-isomer) as well as disadvantage from the viewpoint 
of the heat resistance of the ion exchange resin. 45 

The reaction product obtained in the above-men- 
tioned manner is preferably concentrated according to 
the publicly known method after the removal of the acid 
catalyst and prior to crystallization. In the case of 
employing a reactor containing cation exchange resin in so 
the form of fixed bed, the catalyst need not be removed. 
The concentration is not specifically limited in its condi- 
tions, but is carried out under the conditions including a 
temperature in the range of 100 to 170°C and a pres- 
sure in the range of 5320 to 66500 Pa (40 to 500 torr). A 55 
concentration temperature lower than 100°C necessi- 
tates a high vacuum, while that higher than 170°C 
necessitates the removal of excessive heat in the suc- 



cessive crystallization step. The concentration of 
bisphenol A in the concentrated residue is preferably in 
the range of 20 to 40% by weight. A concentration 
thereof lower than 20% by weight leads to lowered yield 
of the objective bisphenol A, whereas that higher than 
40% by weight causes cOfficulty in the transfer of the 
slurry after crystallization step. 

Crystallization of the adduct of bisphenol A with 
phenol from the concentrated residue is carried out usu- 
ally by the conventional cooling crystallization method. 
The crystallization temperature is in the range of usually 
40 to 70°C. A crystallization temperature in that case 
lower than 40°C involves a fear of increasing viscosity of 
the crystallization liquid or causing solidification thereof, 
while that higher than 70°C unfavorably increases the 
dissolution loss of bisphenol A. 

The adduct of bisphenol A with phenol which has 
been crystallized in the aforestated manner is sepa- 
rated from the mother liquor by means of a known 
method such as the method using a vacuum filter or a 
centrifuge. The mother liquor thus separated usually 
contains p.p'-isomer and o,p'-isomer in a p,p-iso- 
mer/o,p'-isomer ratio of 3 to 4 and is transferred to 
isomerization step to isomerize the o,p'-isomer into the 
p.p'-isomer by bringing the mother liquor into contact 
with an acid catalyst, preferably a cation-exchange resin 
of the sulfonic acid type. In this step, a part of the 
mother liquor is usually taken out of the isomerization 
system in order to suppress the accumulation of impuri- 
ties contained in the liquor. There is usually employed in 
the isomerization reaction, a reactor packed with a gen- 
erally well-known cation-exchange resin of the sulfonic 
acid type as the catalyst to proceed with isomerization 
treatment under atmospheric pressure at a temperature 
in the range of 45 to 1 10°C. By the isomerization treat- 
ment, the p,p'-isomer/o,p'-isomer ratio in the mother liq- 
uor is usually raised to 7 to 8. 

The cation-exchange resin of the sulfonic acid type 
to be used in the isomerization is not specifically limited 
provided that it is a strongly acidic cation-exchange 
resin having a sulfonic acid group, but is exemplified by 
sulfonated styrene/divinylbenzene copolymer, sul- 
fonated crosslinked styrene polymer, phenol-formalde- 
hyde-sulfonic acid resin and benzene-formaldehyde- 
sulfonic acid resin. Any of the above-exemplified resins 
may be used alone or in combination with at least one 
other resin. 

The isomerization temperature lower than 45° C 
gives rise to a fear of bisphenol A crystallization, 
whereas that higher than 110°C causes the problem 
with the heat resistance of the catalyst. The reaction is 
not specifically limited in the process but is preferably 
carried out in continuous reaction process with fixed 
bed or batch-wise reaction process. In the case of 
effecting continuous reaction with fixed bed, a liquid 
hourly space velocity (LHSV) is selected in the range of 
usually 0.1 to 10 Hr* 1 , preferably 0.5 to 5 Hr 1 . A LHSV 
in the above reaction less than 0.1 Hr 1 results in an 
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increase in the amount of the by-products, while that 
more than 10 Hr 1 brings about a tendency to lower the 
conversion efficiency. 

The isomerization-treated liquid is recycled through 
the crystallization system. When the concentration of 
bisphenol A in the liquid is low, it is preferable that the 
liquid together with the main reaction liquid be fed to the 
concentration step to distil away phenol and regulate 
the concentration of bisphenol A and then fed to the 
crystallization system. When the concentration of 
bisphenol A in the liquid is high, the liquid may be fed 
directly to the crystallization system. The p.p'-isomer 
increased in the content thereof through the isomeriza- 
tion treatment is recovered in the form of crystal of the 
adduct of bisphenol A with phenol in the crystallization 
system. 

The crystalline adduct of bisphenol A with phenol 
which has been separated by crystallization in the crys- 
tallization step is cleaned usually with phenol and there- 
after the phenol contained in the adduct is removed to 
recover the objective bisphenol A. The method for 
recovering bisphenol A is not specifically limited but 
may be the publicly known recovery method, preferably 
decomposition method. In the decomposition method, 
phenol is removed and bisphenol A is recovered by 
decomposing the adduct under a reduced pressure of 
usually in the range of 2660 to 1 9950 Pa (20 to 150 torr). 
at a reaction temperature of 130 to 200°C, preferably 
150 to 180°C. The decomposition temperature exceed- 
ing 200°C brings about unfaboraWe results such as an 
increase in the amounts of impurities in the objective 
bisphenol A arising from the decomposition of bisphe- 
nol A itself and coloration. 

The bisphenol A obtained by decomposing the 
adduct of bisphenol A with phenol is turned into the 
objective high-quality bisphenol by almost completely 
removing the residual phenol through steam stripping 
method or like method. 

Fig. 1 is a Wockf low diagram showing one example 
of the production process for bisphenol A to carry out 
the present invention. As illustrated in Fig. 1, the reac- 
tion mixture 2 coming out from the reactor 1 together 
with the liquid to be isomerization treated 12 coming 
from the isomerization step 1 1 is transferred to the con- 
centration step 3; the concentrate 4 concentrated 
therein is introduced in the crystallization step 5, where 
the adduct of bisphenol A with phenol is crystallized; the 
slurry 6 containing the crystalline adduct is sent to the 
solid-liquid separation step 7. where the slurry 6 is sep- 
arated into the crystalline adduct and mother liquor 8, a 
part of which is withdrawn outside the reaction system 
and the remainder 10 is transferred to the isomerization 
step 1 1 for the isomerization thereof; and the isomeriza- 
tion treated liquid 12 together with the reaction mixture 
2 are fed to the concentration step. 

According to the process of the present invention in 
which the mother liquor of the reaction mixture obtained 
through the condensation reaction of phenol and ace- 



tone is subjected to isomerization treatment and there- 
after recycled through the crystallization system, 
bisphenol A is efficiently recovered from the mother liq- 
uor and bisphenol A as the objective product is obtained 
5 in high yield. 

In the following, the present invention will be 
described in more detail with reference to the example. 

Example 1 

10 

The reaction mixture obtained by condensation 
reaction of phenol and acetone was concentrated and 
crystallized at 45°C to separate the crystalline adduct of 
the resultant bisphenol A with phenol and take out the 

75 mother liquor having a p,p*-isomer/o,p'-isomer ratio of 3. 
The mother liquor was fed into an isomerization 
reactor packed with a cation-exchange resin of the sul- 
fonic acid type to carry out isomerization treatment 
thereof under the conditions including a reactor inlet 

20 temperature of 75°C and a LHSV of 1.0 Hr" 1 . As a 
result, the p.p'-isomer/o.p^isomer ratio after the isomer- 
ization was raised as high as 8. 

Subsequently, the isomerization treated liquid was 
recycled and fed to a concentration tower to recover 

25 bisphenol A by crystallization. As a result the recovery 
rate of bisphenol A thus isomerized was 25% by weight 
higher than the recovery rate of bisphenol A formed by 
recycling the mother liquor as such through the crystal- 
lization system without isomerization. 

30 

Claims 

1. A process for producing 2,2-bis(4-hydroxyphe- 
nyl)propane comprising the steps of subjecting 

35 phenol and acetone to a condensation reaction in 
the presence of an acid catalyst to form a reaction 
mixture, crystallizing an adduct of 2,2-bis(4-hydrox- 
yphenyl)propane and phenol from the reaction mix- 
ture, separating the crystallized adduct from the 

40 reaction mixture and separating the phenol from the 
adduct; said process comprising further the steps 
of bringing the reaction mixture in the form of a liq- 
uid from which the adduct has been removed into 
contact with an acid catalyst to effect isomerisation 

45 and recycling the mixture through the crystallization 
system. 

2. The process according to Claim 1 wherein the acid 
catalyst to be employed in the isomerizing treat- 
so ment is a cation-exchange resin of the sulfonic acid 

type. 

3. The process according to Claim 2 wherein the cat- 
ion-exchange resin of the sulfonic acid type is a 

55 strongly acidic cation-exchange resin having a sul- 
fonic acid group selected from the group consisting 
of sulfonated styrene/drvinylbenzene copolymer, 
sulfonated crosslinked styrene polymer, phenol-for- 
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8 



maldehyde-sulfbnic acid resin and benzene-fbrmal- 
dehyde-suKonic acid resin. 



die Isomerisierungsbehandlung bei einer Tempera- 
tur im Bereich von 45 bis 1 10°C durchgefuhrt wird. 



4. The process according to any of Claims 1 to 3 
wherein the isomerizing treatment is effected at a 
temperature in the range of 45 to 1 10°C. 

5. The process according to any of Claims 1 to 4 
wherein the isomerizing treatment is effected by 
continuous reaction process with fixed bed at a liq- 
uid hourly space velocity (LHSV) of 0.1 to 10 Hr'\ 

6. The process according to any of Claims 1 to 5 
which further comprises a step of concentrating the 
reaction mixture prior to the crystallization step. 

7. The process according to Claim 6 where the step of 
concentrating the reaction mixture is effected at a 
temperature in the range of 100 to 170°C under a 
pressure of 5320 to 66500 Pa (40 to 500 torr). 

8. The process according to Claim 6 a 7 wherein the 
reaction mixture is concentrated to 20 to 40% by 
weight. 

PatentansprOche 

1. Verfahren zur Herstellung von 2,2-Bis(4-hydroxy- 
phenyl)propan, umfassend die Schritte: Kondensie- 
ren von Phenol und Aceton in Gegenwart eines 
sauren Katalysators. wodurch ein Reaktionsge- 
misch erzeugt wird, Kristallisieren eines Addukts 
aus 2,2*Bis(4-hydroxyphenyl)propan und Phenol 
aus dem Reaktionsgemisch, Abtrennen des kristal- 
lisierten Addukts aus dem Reaktionsgemisch und 
Abtrennen des Phenols aus dem Addukt; wobei 
das Verfahren ferner die Schritte umfaBt: in Kontakt 
bringen des Reaktionsgemischs in Form einer FIOs- 
sigkeit, aus der das Addukt errtfernt wurde, mit 
einem sauren Katalysator, urn Isomerisierung zu 
bewirken und Ruckfuhrung des Gerrrisches durch 
das Kristallisationssystem. 

2. Verfahren nach Anspruch 1 . wobei der bei der Iso- 
merisierungsbehandlung zu verwendende saure 
Katalysator ein Kationenaustauscherharz vom Sul- 
fonsauretyp ist. 

3. Verfahren nach Anspruch 2, wobei das Kationen- 
austauscherharz vom SuKonsfiuretyp ein stark sau- 
res Kationenaustauscherharz mit einer 
Sulfonsfluregruppe, ausgewflhlt aus sulfoniertem 
Styrol/Divinylbenzolcopolymer, suHoniertem, ver- 
netzem Styrolpolymer, Phenol-Formaldehyd-Sul- 
fons&ureharz und Benzol-Formaldedyd- 
Surfonsaureharz, ist. 

4. Verfahren nach einem der AnsprQche 1 bis 3, wobei 
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5. Verfahren nach einem der Anspruche 1 bis 4, wobei 
die Isomerisierungsbehandlung mittels eines konti- 
nuierlichen Reaktionsverfahrens mit Festbett bei 
einer Raumgeschwindigkeit der Flussigkeit pro 
Stunde (LHSV) von 0,1 bis 10 h' 1 durchgefOhrt 
wird. 

6. Verfahren nach einem der AnsprQche 1 bis 5, ferner 
umfassend einen Schritt des Aufkonzentrierens des 
Reaktionsgemischs vor dem Kristallisatiortsschritt. 

7. Verfahren nach Anspruch 6, in dem der Schritt des 
Aufkonzentrierens des Reaktionsgemischs bei 
einer Temperatur im Bereich von 100 bis 170°C 
unter einem Druck von 40 bis 500 Torr durchgefuhrt 
wird. 

8. Verfahren nach Anspruch 6 Oder 7, wobei das 
Reaktionsgemisch auf 20 bis 40 Gewichts-% auf- 
konzentriert wird. 



25 Revendications 

1. ProcGdS de production de 2,2-bis(4-hydroxyph6- 
nyl)propane comprenant les Stapes consistant k 
soumettre du phenol et de l'ac6tone k une reaction 

30 de condensation en presence d'un catalyseur 
d'acide pour former un melange r6actionnel, k cris- 
talliser un produit d'addition de 2,2-bis(4-hydroxy- 
ph6nyl)propane et de phenol dans le melange 
rSactionnel, k s6parer le produit d'addition cristal- 

35 Iis6 du melange rgactionnel et k sSparer le pn6nol 
du produit d'addition, tedit proc&te comprenant de 
plus les 6tapes consistant k amener le melange 
r6actionne! sous la forme d un liquide dont le pro- 
duit d'addition a 6t6 s6par6 au contact d'un cataly- 

40 seur d'acide pour effectuer l1som6risation et k 
recycler le melange par le syst&me de cristallisa- 
tion. 

2. Proc6d6 suivant la revendication 1, dans lequel le 
45 catalyseur d'acide k utiliser dans le traitement d'iso- 

m6risation est une r6sine Schangeuse de cations 
du type acide sulfonique. 

3. ProcGd6 suivant la revendication 2, dans lequel la 
so r6sine 6changeuse de cations du type acide sulfo- 
nique est une r6sine 6changeuse de cations forte- 
merit acide comportant un groupe acide sulfonique 
choisie dans ie groupe comprenant un copolymfcre 
de styr&ne/divinyl benzene sulfon6, un polym&re de 

55 styrSne r6ticul6 sulfonS, une r6sine de ph6nol-for- 
maktehyde-acide sulfonique et une r6sine de ben- 
z6ne-formald6hyde-acide suttonique. 
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4. Proc6d6 suivant Tune queloonque des revendica- 
tions 1 k 3, dans lequel le traitement d'isom6risa- 
tion est effectue k une temperature dans I'intervalle 
de45ai10°C. 

5 

5. Proc£d6 suivant I'une queloonque des revendica- 
tions 1 k 4, dans lequel le traitement d'isomerisa- 
tion est effectue par un proc£de r6actionnel oontinu 
avec un lit fixe a une vitesse spatiale horaire liquide 
(LHSV)de0,1 aiOhre" 1 . 10 

6. Proced6 suivant I'une queloonque des revendica- 
tions 1 k 5, qui comprend de plus une etape de con- 
centration du melange reactionnel avant retape de 
cristalltsation. 75 

7. Proc6d6 suivant la revendication 6, dans lequel 
I'&ape de concentration du melange reactionnel 
est effectuee k une temperature dans llntervalle de 
100 k 1 70°C sous une pression de 40 k 500 torrs. 20 

8. Proc^de suivant Tune ou I'autre des revendications 
6 et 7, dans lequel le melange reactionnel est con- 
centre k de 20 k 40 % en poids. 

25 
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